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APPLICATION FOR PATENT TERM EXTENSION UNDER 35 U.S.C. 8 156 

Mail Stop: Patent Term Extension 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 223 13- 1450. 

RE: Application for Patent Term Extension Pursuant to 35 USC. 0 156 (37 C.F.R. 
!!j 1.740) United States Patent Number 5,879,382 

Dear Commissioner: 

Enclosed is an application for patent term extension pursuant to 37 C.F.R. $1.740. The 
owner of record, Medtronic Vascular is submitting this application. Medtronic Vascular (formally 
Medtronic AVE) acquired the entire assets of Applied Vascular Engineering (aka Arterial Vascular 
Engineering, aka AVE) through corporate acquisition on January 29,1999. Thus all rights in United 
States Patent Number (USPN) 5,879,382 are held by and vested in Medtronic Vascular a Delaware 
Corporation and a wholly owned subsidiary of Medtronic, Inc., a Delaware company. Medtronic 
Vascular’s corporate headquarters are located at 3576 Unocal Place, Santa Rosa, CA 95403. A brief 
chain of title summary follows. 

Michael D. Boneau is the sole inventor of USPN 5,879,382 which is a continuation of United 
States Patent Application Serial Number (USPASN) 08/619,014, filed Mar. 20, 1996, now USPN 
5,674,278, which is a continuation of USPASN 08/471,738, filed Jun. 6, 1995, now USPN 
5,891,190, which is a division of USPASN. 08/172,420, filed Dec. 22, 1993, now abandoned, which 
is a division of USPASN 07/398,180, filed Aug. 24, 1989, now USPN 5,292,331. Boneau assigned 
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his entire right, title and interest in USPASN 07/398,180 together with all divisional applications, 
continuations and continuations-in-part to Accuterix, Inc. its successors, legal representatives and 
assigns on August 24, 1989. The assignment was recorded in the United States Patent and 
Trademark Office (USPTO) on August 24, 1989. A complete microfilm copy is available in the 
USPTO records on reel 5 116, frame 0570. 

Subsequently, Accutrix, Inc. assigned their entire right, title and interest to USPASN 
07/398,180 together with all divisional applications, continuations and continuations-in-part to 
Endovascular Support Systems, Inc. on August 9, 1991. A complete microfilm copy is available in 
the USPTO records on reel 58 16, frame 0215. 

Thereafter, Endovascular Support Systems, Inc. assigned their entire right, title and interest to 
USPASN 07/398,180 together with all divisional applications, continuations and continuations-in- 
part to Applied Vascular Engineering, Inc. September 8, 1993. This assignment was recorded in the 
USPTO on September 8, 1993. A complete microfilm copy is available in the USPTO records on reel 
6687, frame 0449. 

On January 30’, 1996 Applied Vascular Engineering, Inc. changed its name to Arterial 
Vascular Engineering, Inc. Applied Vascular Engineering then assigned its entire right, title and 
interest to USPASN 07/398,180 together with all divisional applications, continuations and 
continuations-in-part to Arterial Vascular Engineering. This assignment was executed January 30th, 
1996 and was recorded March 20, 1996. A complet”e microfilm copy is available in the USPTO 
records on reel 8522, frame 0049. 

Medtronic, Inc. acquired the assets of Arterial Vascular Engineering (AVE) through 
acquisition on January 29”, 1999 and formed a new Delaware Corporation named Medtronic AVE. 
Arterial Vascular Engineering assigned its entire right, title and interest to USPASN 07/398,180 
together with all divisional applications, continuations and continuations-in-part to Medtronic AVE. 
This assignment was executed January 28fh, 1999 and was recorded January 3 1, 1999. A complete 
microfilm copy is available in the USPTO records on reel 011258, frame 0053. 

Subsequently, Medtronic AVE changed its name to Medtronic Vascular, the present 
applicant, wherein all right, title and interest to USPASN 07/398,180 together with all divisional 
applications, continuations and continuations-in-part now reside. Therefore, the application for 
patent term extension, Medtronic Vascular, is the owner of all rights title and interests in USPN 
5,879,382, the subject patent of the present patent term extension application. 

Documents supporting the above title chain for USPN 5,879,382 can be found in Appendix A 
of this application for patent term ejrtension. 
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1) 

2) 

3) 

4) 

Comnlete Identification of the Approved Product bv appropriate chemical and generic name, 
phvsical structure or characteristics: 

The approved product is an over-the-wire coronary stent system for use in patients with 
symptomatic ischemic heart disease due to discrete single de novo and restenotic lesions. 
The FDA product code is MAF for Stents, Coronary. The Medtronic Vascular stent 
marketed as the “S8 Over-the-Wire System” or alternatively under the trademarked name 
“Driver Stent Delivery System.” The System includes a cobalt-based modular stent mounted 
on a balloon catheter as depicted in Figure 1 below’. Figure 2 shows the distal portion of the 
Medtronic Driver Stent Delivery System in detail. Figure 3 depicts a S8 modular stent 
member. 

Figure 1 Figure 2 Figure 3 

A complete identification of the Federal statue includinP the anplicable provision of law 
under which the remlatorv review occurred: 

The Federal Statue under which regulatory review took place for the Medtronic Vascular’s 
S8 Over-the-Wire System is 37 C.F.R. $814. 

The date on which the product received permission for commercial marketing or use under 
the provision of law which the an&able regulatorv review period occurred. 

The Medtronic Vascular S8 Over-the-Wire System was approved for marketing October 1, 
2003. 

Statement that the present apnlication is being submitted within the sixty day period 
permitted for submission and an identification of the date of the last dav on which the 
application could be submitted. 

’ See httv://www.medtronic.com/medtronic vascular/es drivermx.html 
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5) 

6) 

7) 

8) 

The present application for patent term extension is being submitted with the sixty day period 
permitted for submission pursuant to 37 C.F.R. $1.720(f). The last day for submission of the 
present application is November 30,2003. However, because November 30,2003 is a 
Sunday, this application may be filed December 1,2003. 

The complete identification of the patent for which an extension is being sought bv the name 
of the inventor. the natent number, the date of issue and the expiration date. 

The present application for extension is for United States Patent Number 5,879,382 issued 
March 9,1999 and expiring August 24,2009. The inventor is Michael D. Boneau. 

A cony of the entire natent for which extension is being soupht, including the entire 
specification, claims and drawing. 

A copy of U.S. patent number 5,879,382 is attached as Appendix B. 

A copv of anv disclaimer, certificate of correction, receipt of maintenance fee pavment, or 
reexamination certificate issued in the patent. 

There are no disclaimers, certificates of correction or reexamination certificates issued on 
U.S. patent number 5,879,382. A copy of the maintenance fee payment record is provided as 
Appendix C . 

Statement that the patent claims the approved product, or a method of using or manufacturing 
the approved product. and a showing which lists each applicable patent claim and 
demonstrates the manner in which at least one such patent claims reads on the anmoved 
sroduct. 

United States patent number 5,879,382 claims the S8 Over-the-Wire Coronary Stent System 
approved October 1,2003. The applicant also asserts that claims 1,2 and 4 of the ‘382 
patent read on the Medtronic Vascular $3 Over-the-Wire Coronary Stent. 

In particular, claim 1 reads on the approved device as follows: 
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Claim Chart Comparing Claim 1 of U.S. Patent 5,879,382 element-by-element with the 
S8 Over-the-Wire Coronary Stem 

comprising: vascular occlusions including de novo and 
restenotic lesions of the coronary artery. Thus 
the S8 Over-the-Wire Coronary Stent System is 
intended for implantation in a vessel within the 

seen that the S8 stent member in Figure 3 of this 
application comprises a plurality of substantially 
straight segments, each having ends. The 
corresponding structures are seen in Figure 1 of 
the ‘382 patent at number 16 (the substantially 

t segment) and at number 12 and 14 (the 

end at a plurality of axial turns; and seen that the S8 stent member segments in Figure 
3 of this application are connected end to end at a 
plurality of axial turns. The corresponding 
structures are seen in Figure 1 of the ‘382 patent 
at numbers 12 and 14. 

of a radial forGe is application depicts the 

if the support device were not implanted being greater than the vessel diameter. The pre- 
expanded vessel generally has an occlusion, or 
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The pictures and Figures that follow correlate to the claim elements discussed in the Claim 
Chart on the preceding page and clearly demonstrate that Claim 1 of U.S. patent 5,879,382 (the ‘382 
patent) reads on the S8 Over-the-Wire Coronary Stent System. 

Figure 1 of U.S. patent 5,879,382 Figure 2 of this application: A plurality of S8 stent 
members attached end-to-end. 2 

16 

In Figure 1 of US Patent $879,382 the upper axial turns (12) are connected to the lower axial 
turns (84) by substantially straight segments 16. The corresponding structures are clearly 
evident in Figures 2 and 3 of this application and juxtaposed to Figure 1 of the ‘382 patent. 

Figure f of this application showing the S8 stent balloon mounted and forcibly expanded. 

’ See hc 
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Figure 3 (below) of this application depicts a plurality of S8 stent segments connected end to 
end at a plurality of axial turn~.~ 

Figure 4 (below) of this application depicts the “Driver” (AKA S8Coronary stent) 
compressed onto catheter for delivery to an affected vessel.3 

Therefore, based on the analysis above the Applicant respectfully asserts that Claim 1 of 
United States Patent number 5,879,382 reads on the approved device, the Medtronic Vascular S8 
Over-the-Wire Coronary Stent,. 

Figure 2 of the ‘382 patent (below) shows the stent as claimed compressed onto a catheter 
balloon. Compare this with the Driver Stent (S8) compressed on a balloon catheter immediately 
above. 

3 See htt&/www.medtronic.comfmedtronic vascularlcs drivennx.html 

DOCSOC\IOO9677v1’\14364.0119 
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New Page: 

9) The relevant dates and information nursuant to 35 U.S.C. 6 156(g) to enable the Secretarv of 
Health and Human Services to determine the applicable review neriod: 

B) 

C) 

The effective date of the investigational device exemntion (IDE) and the IDE 
number: 

1) Conditional approval of the Applicant’s IDE was dated December 20,200l 
and signed by Dr. Bram Zuckerman, Acting Director, Division of 
Cardiovascular and Respiratory Diseases. 

2) The Applicant’s IDE number is G010301, G0103Ol/Al, A2 and A3. 

The date on which the annlication for product apnroval under Section 5 15 of the 
Federal Food Drug and Cosmetic Act was initiahv submitted and the number of the 
annlication. 

1) A Pre-market Approval application (PMA) for the S8 Over-the-Wire 
Coronary Stent System was submitted April 9,2003. 

2) The PMA number is PO30009. 

The date on which the application was approved. 

The S8 Over-the-Wire Coronary Stent System PMA was approved on October 1, 
2003. 
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New Page: 

Brief Description of the significant activities undertaken by the marketing atx$icant 
(Medtronic Vascular) during the applicable iegulatorv review period with respect to the 
approved product and the sirnificant dates au&cable to such activities. 

DOCSOC\I009677v1\14364.0119 
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10) Brief Description of the simificant activities undertaken bv the marketing amlicant 
(Medtronic Vascular) during the applicable regulatory review period with respect to the 
approved product and the significant dates applicable to such activities. (Continued). 

NO. 

NA 

FDA Reviewer 

Ashley Boam 

Date Description 

19-Aug-02 FDA determines based on new material of stent, the 
Driver PMA submission must be an original PMA, not a 
PMA supplement 

1-8 1 IDE Dot. Mail Ctr 1 , 26-Aug-02 Report of status with ongoing animal studies 

NA 
I I I 

NA 25-Sep-02 ILast patient implant for IDE Trial 

Bram Zuckerman 17-Ott-02 Report of status with ongoing animal studies 

I I I 
GO10301 / SO10 IDE Dot. Mail Ctr 23-Dee-02 ISubmission to FDA: Resnonse to letter dated 1 l/14/2002 

I Final Animal Study Report (FS8 1) 

GO10301 / SO1 1 IDE Dot. Mail Ctr 1%Jan-03 Submission response to request for additional information 
I 

IDE Dot. Mail Ctr 
Sue Bowleyf Ashley 

Boam 

PMA Dot Mail Ctr 

16Jan-03 Annual Report Submitted 
28-Feb-03 Teleconference regarding inclusion of 270-day clinical 

data as PMA Amendment. 

9-Apr-03 Original FDA PMA Submission of Driver Coronary Stent 

PO30009 

PO30009 I A001 

Bram Zuckerman 

PMA Dot Mail Ctr 

23-May-03 FDA agreed to file PMA 

3-Jul-03 Response submitted to FDA regarding questions from 
email dtd 27-May-03 

PO30009 I A002 PMA Dot Mail Ctr 1 I-Aug-03 270 day clinical data, changes to the packaging of the 
Over-The-Wire and Rapid Exchange delivery systems and 
proposed manufacturing changes to the Multi-Exchange 
deliverv svstem 

PO30009 f A005 
I I 

PMA Dot Mail Ctr 2 1 -Aug-03 To notify FDA of findings fi-om an internal audit 
performed by the Atlanta Cardiovascular Research 
Institute (ACRI) related to animal study FS70 



Patent Term Extension Application for USPN $8’79,382 
Attorney Docket Number 14364.113 
Pagellof14 

10) Brief Description of the significant activities undertaken by the marketing applicant 
(Medtronic Vascular) during the am&able regulatorv review period with respect to the 
approved product and the significant dates am9icable to such activities. (Continued) 

No. FDA Reviewer Date Description 

NA Sue Bowleyl Steve 21-Aug-03 Samples of the OTW delivery system provided to 
Hilbert I- reviewers at the request ofFDA. , 

vi NA 
I 

2 1 -Aug-O3 lSTED Desk Copies submitted to FDA 
I 

PO30009 

PO30009 / A006 

I 

Ashley Boam 22-Aug-03 FDA confirmed with MHLW permission for cooperative 
review of STED 

PMA Dot Mail Ctr 5-Sep-03 Request the withdrawal of Nutek Carp, located in 
Hayward, CA, horn our list of sterihzation facilities for 
the Driver coronary stent systems 

NA 

PO30009 

Sue Bawley/ Ashley 
Boam 

Ashley Boam 

14”Sep-03 Conclusion reached regarding format of compliance chart 

22-Sep-03 Agreement with FDA to include claim for direct stenting 
in IFU 

PO30009 i A007 PMA Dot Mail Ctr 22-Sep-03 Response submitted to FDA regarding questions from 
email dated 17-Sep-03 

PO3OOQ9 Sue Bowley 25-Sep-03 90-day Status e-mail received 

PMA Dot Mail Ctr 

Bram Zuckerman 

29-Sep-03 Response to FDA questions on final labeling, biomaterials 
compendium and conditions of approval letter 

I-act-03 Driver PMA Approval received from FDA 

I- i PMA Dot Mail Ctr i 8-Ott-03 /Final Labeling 
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New Page: 

11) Statement that in the oninion of the annlicant that the natent is eligible for extension 
and a statement as to the length of extension claimed, including how the extension 
was calculated. 

The applicant respectfully asserts thgt United States Patent Number 5,879,382 is 
eligible for extension. The applicant has demonstrated that at least one claim of U.S. 
Patent 5,879,382 reads on the approved device (S8 Over-the-Wire Coronary Stent) 
and that this application for extension is being timely filed. 

The applicant respectfully asserts that U.S. Patent 5,879,382 is eligible for a 413 day 
extension as calculated pursuant to 37 CFR $1.777. 

Calculations Under 37 CFR 8 1.777 

1 A Calculations under 37 CFR B 1.777 (c)(l) 

Determine the number of days in the period beginning on the date a clinical 
investigation on humans involving the device began and ending the date the PMA 
was initially submitted. 

i> Clinical investigations on humans are deemed to have begun on the date that the FDA 
determines that an IDE required under section 520(g) of the FDCA (21 U.S.C. 360j 
(g) is substantially complete. In this case the records indicated that on December 20, 
2001 the Medtronic Vascular IDE number G010301, G010301/Al, A2 and A3 
received a Conditional Approval. Thus, this date will be used for the initial 
calculations . 

ii) The PMA was initially filed April 9,2003. 

iii) The experimental period is thus calculated as the time between December 20,200l 
and April 9,2003, or 476 days. 

2 Calculations under37 CFR 6 1.777 (c)(2) . 

Determine the number of days in the period beginning on the date the PMA was 
initially filed and ending on the date the PMA was approved. 

The PMA was initially submitted April 9,2003 and was approved October 1,2003. 
Thus the approval period was 175 days. 

The Sum of 37 CFR $1.777 c(1) and 37 CFR 5X.777 (c)(2) equals 651 days. 
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3 - Calculations under 37 CFR 6 1. .777 (d)( 1) 

9 Subtract the number of days in the periods (c)(l) and (c)2 of this section which were 
on and before the date the patent issued. 

Zero for U.S. Patent 5879,382. 

ii) Subtract the number of days in the periods (c)( 1) and (c)2 of this section during 
which the applicant did not act with due diligence. 

Zero for U.S. Patent 5,879,382. 

iii) Subtract one-half the number of days remaining in the period defined by (c)( 1) of this 
section after that period is reduced in accordance with paragraphs (d)(l)(i) and (ii). 

238 days for U.S. Patent 5,879,382. 

Therefore, the maximum extension available for U.S. patent number 5,879,382 For 
U.S. is 476 (from step 1 (iii)) f 175 (from step 2) - 238 (from step 3 (iii)) = 413 
days. 

Calculations Under 37 CFR d 1.777 (d)(2) 4 . 

Determine the number of days shortened by a terminal disclaimer. 

Zero for U.S. Patent 5,879,382 

Calculations Under 37 CFR & 1.777 (d)(3) 5 . 

Section (d)3 requires that 14 years be added to the date the PMA was approved, this 
equals the longest possible extension available (14 years from the approval date) in 
this case the 37 CFR Q 1.777 (d)(3) date is October 1,2017). 

Calculations Under 37 CFR cj 1.777 (d)(4) 6 . 

The new expiration date is October 11,201O which is before October 1,2017. Thus 
United States Patent 5,879,382 is eligible for the entire 413 day extension as 
calculated above. 

Calculations Under 37 CFR 6 1.777 (d)(5) 7 . 

United States Patent number 5,879,382 was filed after September 24, 1984. 
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12) 

13) 

14 

Statement that the applicant acknowledrres a dutv to disclose to the Commissioner of 
Patents and trademarks and the Secretarv of Health and Human Services any 
information which is material to the determination of entitlement to the extension 
sought. 

The applicant acknowledges his duty to disclose to the Commissioner of Patents and 
trademarks and the Secretary of Health and Human Services any information which is 
material to the determination of entitlement to the extension sought. The applicant 
has no disclosures to that are material to the determination of entitlement to the 
extension sought. 

The prescribed fee for receiving and acting. unon the apnlication for extension. 

The Commissioner is hereby authorized to charge payment of the patent term 
extension application fee pursuant to 37 C.F.R. 9 1.20 (i)( 1) in the amount of 
$1,120.00 to Deposit Account number 01-2525. 

The name address and teleuhone number of the person to whom inauires and 
corresnondences relatinp to the annlication for natent term extension are to be 
directed. 

Michael J. Jaro, Esq. 
Chief Patent Counsel 
Medtronic Vascular 
3576 Unocal Place 

Santa Rosa, CA 95403 

(707) 566 1746 

mitted on behalf of the applicant, 

USPTO Reg. No. 39,645 
Stradling Yocca Carlson & Rauth 
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ASStGNMENT 

WHEREAS, I, MICHAEL D. BONEAU, a &t&n of the United States of America, 

residing at 342 W. Sunnyoaks, Campbell, California 95008. have invented a certain 

1 nsw and useful ENDOVASCULAR SUPPORT DRllCE AND METHOD for whii I am 

about to make an application for Letters Patent of even date herewith: and 

WHEREAS, ACCUTEFW INC., a corporation existing under the laws of the 

State of California and doing business at 342 W. Sunnyoaks. Campbell, California 

95009. is ‘desirous of obtaining the entire right, title and interest in. to and under the 

said invention and applii. 

NOW, THEREFORE, for good and valuable consideration, the receipt of which 

is hereby acknowiedged, f, MICHAEL D. BONEAU, have sold, assigned, transferred 

and set over, and by these presents do hereby sell. assign. transfer and set over 

unto the said ACCUTERIX, INC, its successors, legal representatives and assigns, 

my entire right, title and interest in, to and under the said invention and the said 

appliifl for Letters Patent, a copy of which as filed in the United States Patent 

OfficeisContainedirtDocketNo.H-1136-PintheoffioesofHARRlSON&EAKIN,a 

Partnership of ProfaL;siond CorporaMns, 1700 South El Camino Real. Suite 405. San 

Mate5, California 94402-3083 and all divisions, continuations and continuations-in- 

part thereof, and ail Letters Patent of the United States which may be granted 

thereon and ail applikations for Letters Patent which may be filed for said invention 

in any country or countries foreign to the United States, and all letters Patent whii 

may be granted for said invention in any country or countries foreign to the United 

States, and to all extensions, renewals, and reissues thereof, and the right to claim 

priority under the lntemational Convention for the Protection of industrial Property; 

and I hereby authorke and request the Commissioner of Patents and Trademarks 

of the United States, and any Official of any country or countries foreign to the 

United States whose duly it is to issues patents on applications as aforesaid, to issue 

all Letters Patent for said invention to the said ACCUTERK INC.. its successors, 

legal representatives and assigns, in accordance with this instrument. 

AND I hereby covenant that I have the full, right to convey my entire interest 

herein assigned, and that I have not executed, and will not execute, any agreement 

32 

Y 

in conflict herewith. 
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H-1 136-P 

ANDIherebyfurthsrooveMntandagreethaIwillrommunicatetathesaki 

ACCUlERlX, INC., Its s-, legal repreV*s and assigns, any facts known 

by me respecting said invent& and testify in any tegsi proceeding, sign atI hwful 

papers. execute all divkianal, continuing or reissus appkations, make all rightful 

oaths, and generally da everything possible ta aid the said ACCUTERIX, INC., its 

sudcessors. legal represematiws and assigns to obtain and enfaG%? praper patent 

prateatiarl far said inveM%l in aif caurftfies. 

IN TESTIMONY WHEREOF, 1 have hereunto set my hand this Twenty-Fourth 

day of August. 1989, at .%&T& /,, ,, , Caliiarnia 

STATE OF CAUFORNIA 

I 
ss. 

COUNTY OF 

On this Twenty-Fourth day of August.1989, before me persanally appeared 

Michael 0. Boneau, personaBy known to me or proved to me on the basis of 

satisfactory evidence ta be the person whose name is subscnbsd to the withm 

instrument, and aaknawiedged that he executed it. Witness my hand and off&l 

seal. 

2 



TO: JARES E. EAKlN 
HARRlSON .&. EAKIN . . - _ 
1700 SOUTH EL CABIN0 REAL; STE‘405-’ 
SAN RATEO, CA gbbm-3083 

UNITED STATES PATENT AND TRADEtURK OFFICE 
NOTICE OF RECDROATtON OF ASSlGNf%ENT DDCUrtENT 

THE ENCLOSED DOCUhENT HAS BEEN RECORDED BY THE ASiIGRHENT DIVJSION OF 
THE U.S. PATENT AND TRADEHARK DFFICf. A COM’LETE BICROFILH COPY IS 

- AVAiLABLE AT THE U.S. PATENT AWO TRADEMRK OFFICE ON THE REEL AND FRME - 
NUMER REFERENCED BELOW. A DIGEST Of THE DOCUhENT HAS ALSO BEEN HAOE 
AND APPEARS !D THE OFFICE’S RECORDS AS SHOiiW: 

ASSIGNOR: 001 BONEAU. HICHAEL 0. 56C DATE: 08/24/89 

RECORDATION OATE: 08/24/8g NUMER OF PAGES 002 REEL/FRAIYE 5116/0570 

DIGEST: ASSIGNRENT iIF ASSIGNORS INTEREST 

ASSIGNEE: 501 ACCUTERIX. INC., 342 W. SUNNYOAKS, CAIIPBLLL, CALIFORNIA 9 
5008, A CORP. Of CA 

SERlAL NlJflBER 7-398180 FILING DATE o8/24/8g 
PATENT NUt4BER ISSUE DATE OQ/CiO/OO 

TlTLE OF INVENTION: ENDOVASCULAR SUPPORT DEVICE AND MTHDD 

INVENTOR: 001 BDNEAU. ntCHAEL 0. 



~xrx: 09/x8/91 

ltlWtE0 STAlES DEPARTMENT CF COMMERCE 
Pbtubt w&d Trammrk ofrb 
ASSlSTAtUl SECRETARY aM COMMlSSlONER 
OF PATENTS AND TF4ADEhWWS 
Washington. DC. 2023’1 

TO: 
JiU!SS E. EAKIN 
ITARRXSON C XMCIN 
1700 SOUTIi BL CAMNO REAL, STE 405 
sm wmxo, CA 94402-3083 , 

UNITE0 STATES PATENT AND TRADEMARKOFFICE 
NOTICE OF XXCtXtDATION OF ASSIGNMJWT ZJOCUMBW 

-. TRE ENCLOSED ~B&3BEENREKORDEDBY.%'BEAsSIGMEN'Z DIVISION OF 
TXE U.S. PATXNT AND TXADXMUUC OFFICX. h COMPLXTX LIICROFILH COPY IS 
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it is to issue patents on applications as aforesaid, to issue ali Letters Patent for said 

invention the said ENDOVASCULAR SUPPORT SYSTEMS, INC., its successors, legal 

~ representatives and assigns, in accordance with this instrument: 

AND, ACCUTERIX, INC., hereby covenant that it have the full right to convey 

’ my entire interest herein assigned, and that I have not executed, and will not execute, 

~ any agreement in confjict therewith: 
I AND, ACCUTEWX, ‘INC., hereby further covenant and agree that it wi8 

c:orirmunicate to the said UJDOVASCULAR SUPPORT SYSTEMS, INC., its successors, 

legal representatives and assigns, any facteknown to it respecting said invention and 

said application, and testify in any legal proceedings, execute all lawful papers, make 

all rightful oaths and generaily do everything possible to aid the said ENDOVASCULAR 

SUPPORT SYSTEMS, (NC., its successors, legal representatives and assigns to obtain 

and enforce proper patent protection for seid invention in ali countries. 

IN TESTIMONY WHEREOF, ACCUTERIX.INC., through an authorized officer, 

has caused this Assignment to executed this q b & day Of , 1991. 

State of Cafifornia 

my hand and official seal. 

it #v-i& 1 Seal 
L 
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ASSIGNMENT 

H-l 136-P 

WHEREAS, ACCUTERIX, INC., a corporationexisting under the law of the State 

of California and doing business at 342 W. Sunnyoaks, Campbell, Cafifornia 95008, 

is the owner by assignment of U.S. Patent Appliiion Serial Number 0?/398,180, 

filed August 24,1989, entitled ENDOVASCULAR SUPPORT OR/ICE AND METliOD 

‘together with all right, title end interest in, to end under the invention described 

therein including all foreign rights thereto; end 

WHEREAS, ENDOVASCULAR SUPPORT SYSTEMS, INC., a corporationexfsting 

under the laws of the State of California and doing business et 342 W. Sunnyoaks, 

Campbell, California 95008, is desirous of obtaining the entire right, title and interest 

in, to and under the said application, including ail foreign rights; 

NOW, THER EPORE, in consideration of a good and valuable oonsideration, the 

receipt of which is hereby acknowledged, ACCUIZRIX, INC.. have sold, assigned, 

transferred and set over, and by th8Se presents do hereby Sell, assign, transfer end 

set over unto the said ENDOVASCULAR SUPPORT SYSTEMS, INC., its successor% 

legal representatives and assigns my entire right, title end interest in, to and under the 

said invention end the sati appiiit’mn of Letters Patent Serial NO. 07/398,1SO filed 

August 24, 1989, and all divisions, continuations and continuations-in-part thereof, 

and all Letters Patent of the United States which may be granted thereon and efl 

: 
.3 

application for Letters Patent whiih rney be granted for said invention in any country 

or countries foreign to the United States of America. and to all extensions, renewal, 

reissues. and reexamination certificates thereof, and the right to claim priority under 

the international Convention of the Protection of industrial Property, and all rights 

under the Patent Cooperation Treaty: end ACCUTERIX, INC., hereby authorize and 

requestthe Commissioner of Patents and Trademarks of the United States of America. 

and any official of any country or countries foreign to the United States whose duty 
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1GNMEN-f 

WHEREAS, ENDDVASCULAR SUPPORT SYSTEMS. INC., formerly named ENDOTHEUAt 

SUPPORT SYSTEMS, INC., a corporation existing under the laws of the State of California and 

doing business at 342 W. Sunnyoaks, Campb&l. Caliiomia 95008, is the owner by assignment 

of U.S. Patent Application Serial Number 07/398,180. filed August 24, 1989, entitted 

ENDOVASCULAR SUPPORT DfXlCE AND METH6D. together with ail right, title and interest 

in, to and under the invention described therein including all foreign rights thereto; and 

WHEREAS, APPLIED VASCULAR ENGINEERING. INC., a corporatron extstrng under the 

laws of the State of Delaware and doing business at 5345 Skyiane Boulevard, Santa Rosa, CA 

95403 is desirous of obtaining the entire right, rule and interest in. t0 anff under the said 

invention and application, including aN foreign rights; 

NOW, THEREFORE. for good and valuable consideration, the receipt of which is hereby 

acknowledged, ENDOVASCULAR SUPPORT SYSTEMS. INC., have soid, assigned, transferred 

;snd set over, and by these presents do hereby sell, assign, transfer and set over unto the said 

APPUED VASCULAR ENGINEERING, INC.. its successors, legal representatives and assigns, ; 
c 

its entire tight, title and interest in, to and under the said invention and the said application for c m  

Letters Patent serial number 071398,180, filed August 24. 1389. and all divisions. %  
: 

continuations and continuations-in-part thereof. and ail Letters Patent of the United States t: 

which may be granted thereon and a& applications for Letters Patent which may be filed for 

said invention in any country or countries foreign to the United States, and alt Letters Patent 

which may be granted for said invention in any country or countries foreign to the United 

States, and to all extensions, renewals, and reissues thereof, and the right to claim priority 

- . 1 

.-- 
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under the tnternational Convention for the Protection of frtdustrial Propem; and 

ENDOVASCULAR SUPPORT SYSTEMS, INC., hereby authorizes and requeststhe Commissioner 

of Patents and Trademarks of the United Stqs, and any Official of any country or countries 

foreign to the United States whose duty it is to issues patents on applications as aforesaid, to 

issue all Letters Patent for sdkf invention tothe said.APPLlED VASCULAR ENGINEERING. INC.. 

its successors, iegal representatives and assigns, in accordance with thi instrument. 

AND ENDOVASCULAR SUPPORT SYSTEMS, INC., hereby covenants that it has the fuk 

t’ight to convey its entire interest herein assigned, and that it has not executed, and wiff not 

execute, any agreement in conflict herewith. 

AND ENDWASCULAR SUPPORT SYSTEMS, INC.. hereby further covenants and agrees 

that it will communicate to the said APPLIED VASCULAR ENGINEERING, INC., its successors, 

legal representatives and assigns, any facts known by it respecting said invention, and testify 

in any Legal proceeding, sign all iawfd papers, execute all divisionat, continuing or reissue 

appiications, make all rightfui oaths, and generally do everything possible to aid the said 

APPLIED VASCULAR ENGINEERING, INC., its successors, tegal representatives and aSSignS to 

obtain and enforce proper patent protection for said inventiOn in atI COWtries- 

IN TESTIMONY WHEREOF, ENDGVASCULAR SUPPORT SYSTEMS. INC., through an . 

authorized officer, has caused this Assignment to be executed this Eighth day of September. 

1993, at Santa Rosa. California. 

ENDOVASCUf&? SUPPORT SYSTEMS, INC.‘.: ’ -’ .. 

2 -. 
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I. 

The name of this corporation is Arterial vascular EJ@Ang. Inc. 

The address of the registered office of the corporation in the State of Delaware is 1013 
Centre Ruad, City of Wmiugtuu. Cuunty of New G&E, and the name of Ihe registered agent 
of the corporation in t&e State of D&ware at such address is T& PrentiwH&J corporatiofr 
system, Inc. 

III, 

The purpose of this corporation is to engage in an)’ Jau4itJ act of activity for which a 
corporation tttq be organized under the General Corporation Law of the State of Delaware. 

IV. 

A. This corporation is authorized to issue two classes of stock to be desilepalcd, 
respectively, *Common Stock” and ‘Preferred Stock.‘ The totaJ mtmber of shares which the 
corporaticm is authorized U) issue is Fifty Million Five Hundred Thousand (sO,500,ooO) stnres. 
Fifty Miiliwt (sO,OOO,OOO) yilsars s;lwli tK Cornwall SW&, rwh 1trvi11g a ynr v&z of utr-l& 
of one cent @IOl). Five Hundred Thousand (saO,OOO) shaw shah be Preferred Stock, each 
having a par value of one-tenth of oat: cent (S.001). Each outstanding shoe of Common Sek, 
par vahte $.O 1, shall, upon filing of this Amended and Restated Certificate of IncorporatJon be 
reconstituted as 5.5 shares of Common Stock, par value S.001. No fractional sJmms wiJJ be 
issued and, in lieu thereof. any holder of kss th;in one share of Common Stock shalt be entitJed 
to rcccive cash for such JroJdcis frx&nal share based on d\c fair ma&et value of such stock 
as dcterxnined by the Company’s Board of Directors. 

B. - The Preferred Stuck may bc issuzd from time to time in one or more series. The 
Board of Dirextors is hereby authorized. by fiIing a certificate (a *Preferred Stock: Designaliou”) 
pursuant to the Mawan General Corporation Law, to fix or alter from time to time the 
designation. pouws, preferences and rights of the shxes of each such series and the 
qualifications, limitations or resuictJom of any wholly unissued scrks of Preferred SK&, and 
to establish from time to time tJx number of shares constituting any such series or any of them; 
and to increase or decrease the number of shares of any series subsequent to tJ8e Issuance of 
shares of that series, hut not below thy number of shares of such sex& Ihen outstanding. ht 
case the nwnber of shares of any series shall be decreased in accordance with rhc foregoing 
sentence, the shares constituting such decrease shall resume the status that t&y had prior to the 
adoption of Ux resofution originaiiy fixing the ‘nurnb~r of shares of such series. 
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For the management of the business and for the conduct of tbe airs of tfrt corparatio& 
and ia further defmition. lim iitiou and rcguktiun of the powers of the corpcniw, of its 
directors and of its stockholders or any class thereof, as tie case may be, it is furthtr provided 
that: 

A. 

0) The management of tbz business and rh conduct of the affairs of tbc’ 
corporation shall be vested irr its Board of Dinxtors. Tk autubcf of directors which shall 
constitute the whole Board of Direcson shall be fixed cxclwivcly by one or ~ROCT rcsoIutions 
adopted by tbc Board of Dinxtors, 

(2) Notwithmadiig the foregoing provisions of this Article, each dictor shall 
serve until his successor is duly ckcted and quaSif#d or until his death, resignation or nmovalt 
No decrease in the number of directors constituting thz Board of Directors shall shortca the term 
of any &unbent diictor. 

. 

Subject to the rights of the h&lers of any series of.Preferred Stock to elect additional 
directors under spceitid circumstances, directors s&all bc c&xcd at each annual meeting of 
stoi~lrkrs. Each director shall scrvc t&l his sucem‘is duly elected atul guaIified or uutil 
his death, resiguation or removal. No dccaasc in the number of directors corrrtituting the Board 
of Directors shall shorten the term of any &unbent director. 

0 FoRowing the closing of the initial public offering pursoaot to an effectiw 
registration statement under the Securities Act of 1933, as amended, covering the offer and sale 
of the corpor&tion’s Common Stock to the public (the “laitiai public O fWng”), and subject to 

. the rights of the holders of any series of Preferred Stuck, any vacancies on the &ard of 
Directors resulting from &ath, resignation. disqualification, removal or other causes and any 
newly created directorships resulting Tom any &ea:c in the number of directors, shall, unless 
the Board of Directors determines by resolutim that any such vacancies or newly mated 
directorships shaIl be filled by the stockhdden and cxccpt as otherwise provided by law, bc 
filled only by the af+ative vote of a majority of the diicctors then in ofIke, even though less 

than a quorum of the Board of Directors, and not by the stockholders. Any director elected in 
accordance 6th the preceding senlence shall hold office for the remainder of the full terni of 
the director for which the vacancy was created or occurred and until such di,rector’s succcs& 
shall have been ekcted and qualified. 

B. 

Subject to paragraph (h) of Section 43 of the Bylaws, the Bylaws may be . 
ahcrecl or amended or new Bylaws &lupted by the a&native wtc of at kast eighty percent 
(80%) of tlx voting potver of all of the thensutstanding shares of tlx Voting Stock. The Board 
of Directors .&all also have the power to adopt, amend, or repeal Bylaws. 

21042020 
012196 2, 
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(2) The diicrors of the corpc:a&m need not be elected by writ&n ballor , 
lmkss ?he Bylaws za prc?vidc. 

(3, FoIlowing thc’I&ial Public O ffering. no action shall k taken by the 
aodchol&rr of the C~QXXXW cxcepr at an annual or q&al meeting of sto&hoidcrs called in 
accor&lnce wirh the Bylaws. 

(4 Special meetings of the sm&holdcrs of the corporation may be &led, for 
any pwpse u purposes, by (i) rbrt Qairman of the Board of Dictors, (iii the Chief Exccutivc 
O fficer, of (iii) 8hC Board of Directors pursuant to a rz&ut.ion adopted iq a ma jority of the totai 
numkr of authorized diictors (whet& or not shcrc exist any vac&cs in p&ousiy authorized 
direcrorshIpr at the time  any such ItrsoIudon is prcsemcd so the Board of IXrcctors for adoption), 
mdshallkh~ldatsuchpfacc,ollaiucbdaie,ipDdatsrrchtimeas~BosnlofDirectors~ll 
ax. 

(5) Advance m ice of sco&hoIdcr nor&at&s for t&c election of directors and 
of business uo k brought by sto&hoIdcrs before any meeting of ELM stockholders of the corpora- 
tion shall k giveq in the manocr provihcd in tiw: I&~ws of the corporation. 

VI. 

-’ A. A diiector of &c corporation shah uo~ k ptnonaily llahk to W  corporation or 
its srockhol&rs for monetary dama&s for any breach of fiduciary duty as a director, except far 
liability (i) ffor any breach of the diructor’s duty of Ioyalty to the corporation or its stoclcMders, 
(ii) for acts or omissions nut in guod faith or which involve intentional m isconduct ur a knowing 
violation of law, (iii) under Section 174 of the D&wan General Coqoration Law, or (ii) for 
any transaction from wvhich the director derived an imt~opcr personai benefit. If the Delaware 
General l2capomtion Law is amended after appmval  by the ssock;holdm; of this Artick lo 
auW&ze ccxpom~ action ti~rthcr eiim inating or lhnhisg the personal liability of directors, then 
the liability of a director shall be elim inated or lim ited to the fMcst cxfem permitted by the 
~fJthwarc (2cncral corporation Law, as so amended. 

B. Any repeal or modifkadon of this Article VI shall k prospective and ahaif not 
affect the rights under this Article VI in effect at tbt time  of the alleged occurrence of any act 
or omission fo act giving rise to liability or indcnmificaclon. 

, 

VII. 

A. Ttre corporation reserves the tight b amend. alter, change or repeat any provision 
contained in this Certificate of Incorporation, in the manner nobv or hcnafter prcscrikd by 
statufc. except as provided in paragraph B. of Us Article VII, ax&all rights confcrrcd upon lhc 
stockhoIdm herein arc gramed subject to I&S nwrvation, 

.- 

T . 



- VASCULU l%tammM, I%, a corponrion organid ad existing wder 
the Cknd Corporation Law of the St& of Delaware, dew hereby citify IU tiiiows: 

FYFTB: The Amended and Rest&d Certificate of M&poMion so ldapu ready 
in fdl as set forth in Exhibit A dtachcd hereto and hereby $zmpora&cd by f6f6renc=e. 

Jr4 WI-lwIss Wx3.EstEQFf APPLtm VASW mm, INC. has caus&t this 
Restated CtrtScalt of kmpomtion to be rigned by its President awl rme.stcd to by 3s s#rttary 
this 29 ‘day of January 1996. 

- I 

By: 

Chief Exe~Ltive Officer and President 

STATE OF OELAUARE 
SECRETARY OF STATE 

. OIVrs30H OF CoRWRATImS 
FILED OS:00 All OV3011996 

960028170 - 2269660 
. 
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WI ABSTRACT 

Art endovascular support device for treatment of chronic 
restenosis or other vascular narrowing is disclosed together 
with a method of manufacture and a method for delivering 
a plurality of such devices to an affected area of a vessel. In 
a preferred embodiment, the endovascular support device 
comprises a unitary wire-like structure configured to form a 
plurality of upper and lower peaks which may be com- 
pressed for delivery to an affected area of a coronary or 
peripheral vessel in a human, and then expanded to maintain 
a passageway through the.vessel. 

4 Claims, 3 Drawing Sheets 
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catheter acros the guide wire. The balloon, or dilatation, 
catheter is placed into position by sliding it along the guide 
wire. The use of the relatively rigid guide wire is necessary 
to advance the catheter through the narrowed lumen of the 
artery and to direct the balIoon, which is typically quite 
flexible. across the lesion. Radiouacme markers in the bal- 
loon segment of the catheter facil%a& positioning across the 
lesion. The balloon catheter is then inflated with contrast 
material to permit fluortipic viewing during treatment. 
The balloon is alternately inflated and deflated until the 
lumen of the artery is satisfactorily enlarged. 

Unfortunately, while the affected artery can be enlarged, 
in some instances the vessel restenoses chronically, or closes 
down acuteIy, negating the positive effect of the angioplasty 
procedure. In the past, such rester&s has frequently neces- 
sitated repeat PTCA or open heart surgery. While such 
restenosis does not occur in the majority of cases, it occurs 
frequently enough that such complications comprise a sig- 
nificant percentage of the overall failures of the PICA 
procedure, for example, twenty-five to thirty-five percent of 
such failures. 

1 
ENDOVASCULAR SUPPORT DEVICE AND 

METHOD 

SPECIFICATION 

This application is a continuation of application Ser. No. 
08/619,014, filed Mar. 28,1996, now’U.S. Pat. No. 5,674, 
278, which is a continuation of application Ser. No. 081471, 
738, tied Jun. 6, 1995, pending, which is a division of 
application Ser. No. 08/172,420, filed Dec. 22, 1993, now 
abandoned, which is a division of application Ser. No. 
07/398,18Cl, filed Aug. 24, 1989, now U.S. Pat. No. 5,292, 
331. 

FIELD OF THE INVENTION 

The present invention relates generally to medicaI 
devices, and particularly relates to implantable devices for 
treating narrowing of coronary or peripheral vessels in 
humans. 

BACKGROUND OF THE INVENTION 

Cardiovascular disease, including atherosclerosis, is the 
leading cause of death in the U.S. The medical community 
has developed a number of methods for treating coronary 

. heart disease, some of which are specifcally designed to 
treat the complications resulting from atherosclerosis and 
other forms of coronary arterial narrowing. 

The most impelling development in the past decade for 
treating atherosclerosis and other forms of coronary narrow- 
ing is percutaneous transluminal coronary aogioplasty, here- 
inafter referred to simply as “angioplasty” or “PTCA” The 
objective in angioplasty is to enlarge the lumen of the 
affected coronary artery by radial hydraulic expansion. ‘Ihe 
procedure is accomplished by inflating a balloon within the 
narrowed lumen of the coronary artery. Radial expansion of 
the coronary artery occurs in several different dimensions 
and is related to the nature of the plaque. Soft, fatty plaque 
deposits are flattened by the balloon and hardened deposits 
are cracked and split to enlarge the lumen. The wall of the 
artery itself is also stretched when the balloon is inflated. 

PICA is performed as follows: A thin-walled, hollow 
guiding catheter is typically introduced into the body via a 
relatively large vessel, such as the femoral artery in the groin 
area or the bra&al artery in the arm. Access to the femoral 
artery is achieved by introducing a large bore needle directly 
into the femoral artery, a procedure known as the SeIdinger 
Technique. Once access to the femoral artery is achieved, a 
short hollow sheath is inserted to maintain a passageway 
during PICA. The flexible guiding catheter, which is typi- 
cally polymer coated, and lined with Teflon, Is Inserted 
through the sheath into the femoral artery. The guiding 
catheter is advanced through the femoral artery into the iliac 
artery and into the ascending aorta. Further advancement of 
the flexible catheter involves the negotiation of an approxi- 
mately 180 degree turn through the aortic arch to allow the 
guiding catheter to descend into the aortic cusp where entry 
may be gained to either the left or the right coronary artery, 
as desired. 

After the guiding catheter is advanced to the ostium of the 
coronary artery to be. treated by PTCA, a flexible guidewire 
is inserted into the guiding catheter through a balloon and 
advanced to the area to be treated. The guidewire provides 
the necessary steerability for lesion passage. The guidewire 
is advanced across the lesion, or “wires” the lesion, in 
preparation for the advancement of a polyethylene, polyvi- 
ttyl chloride, polyolefm, or other suitable substance balloon 

To lessen the risk of restenosis, various devices have been 
proposed for mechanically keeping the affected vessel open 
after completion of the angioplasty procedure. Such 
mechanic+ endoprosthetic devices, which are generally 
referred to as stems, are typically inserted into the vessel, 
positioned across the lesion, and then expanded to keep the 
passageway clear. Effectively, the stent overcomes the natu- 
ral tendency of the vessel walls of some patients to close 
back down, thereby maintaining a more normal flow of 
blood through that vessel than would be possible if the stent 
were not in place. 

Various types of stems have been proposed, although to 
date none has proven satisfactory. One proposed stem 
involves a tube of stainless wire braid. During insettion, the 
tube is positioned along a delivery device, such as a catheter, 
in extended form, making the tube diameter as small as 
possible. When the stem is positioned across the lesion, it is 
expanded, causing the length of the tube to contract and the 
diameter to expand. Depending on the materials used in 
construction of the stent, the tube maintains the new shape 
either through mechanical force or otherwise. For example, 
one such stent is a self-expanding stainless steel wire braid. 
Other forms of stems include various types tubular metallic 
cylinders expanded by balloon dilatation. One such &vice is * 
referred to as the Palmaz stem, discussed further below. 

Another form of stent is a heat expandable device. This 
device, originally designed using NITINOL by Dotter has 
recently been modified to a new tin-coated, heat expandable 
coil by Regan The stem is delivered to the affected area on 
a catheter capable of receiving heated fluids Once properly 
positioned, heated saline is passed through the portion of the 
catheter on which the stent is located, causing the stem to 
expand. Numerous difSculties have been encountered with 
this device, including difficulty in obtaining reliable 
expansion, and difficulties in maintaining the stent in its 
expanded state. 

Perhaps the most popular stent presently under investi- 
gation in the United States is referred to as the Palmaz stem. 
The Palmaz stent involves what may be thought of as a 
stainless steel cylinder having a number of slits in its 
circumference, resulting in a mesh when expanded. The 
stainless steel cylinder is delivered to the affected area by 
means of a balloon catheter, and is then expanded to tbe 
proper size by inflating the balloon. 

Signiftcant difliculties have been encountered with all 
prior art stems. Each has its percentage of thrombosis, 
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rester&s and tissue in-growth, as welI as varying degrees 
of difficulty in deployment. Another di&ulty with at least 
some of prior art sterns is that they do not readily conform 
to the vcsseI shape. In addition, the relatively lonp. length of 
such prior art sients has made it difEcult io &at &ved 
vessels, and has also effectively prevented successfid 
implantation of multipie such stents. Anticoagulants have 
historically been required at least for the first three months 
after placement. These and other complications have 
resulted in a low level of acceptance for such stems witbin 
the medical community, and to date stems have not been 
accepted as a practical method for treating chronic resteuo- 
SiS. 

Thus there has been a long felt need for a stem which is 
effective to maintain a vessel open, without resuhing in 
significant thrombosis, which may be easily delivered to the 
affected area, easily expanded to the desired size, easily 
conformed to the affected vessel, and easily used in mul- 
tiples to treat curved vessels and varying lengths of lesions. 

SUMMARY OF THE INVENTION 
lhe present invention substantially reduces the compii- 

cations and overcomes the limitations of the prior art 
devices. The endovascular support device of the present 
invention comprises a device having very low mass which is 

,capable of being delivered to the affected area by means of 
* a slightly modified conventional baIIoon catheter similar to 

that used ita a standard balloon angioplasty procedure. 
The support device of the present invention may then be 

expanded by normal expansion of the balloon catheter used 
to deliver the stent to the affected area, and its size can be 
adjusted within a relatively broad range in accordance with 
the diagnosis of the treating physician. 

Because of the range of diameters through which the 
support device of the present invention may be expanded, it 
may be custom expanded to the specific lesion diameter, and 
is readily conformable to the vessel shape. In addition, a 
plurality of support devices of the present invention may be 
readily implanted in a number commensurate with the length 
of the lesion under treatment. As a result, curved or “S” 
shaped vessels may be treated. 

‘Ihe stem, or endovascular support device, of the present 
invention may preferably be comprised of implantable qual- 
ity high grade stainless steel, machined specially for intra- 
vascular applications. The support device may comprise, in 
effect, a metal circIe or ellipsoid formed to create a pIuraIity 
of axial be.&, thereby permitting compression of the stem 
onto a delivery catheter, and subsequent expansion once In 
place at the affected area. 

It is one object of the present invention to provide a stent 
which substantiaIly overcomes the limitations of the prior 
art. 

It is a further object of the present invention to provide a 
stem capable of being implanted simply and reliably. 

Another object of the present invention is to provide a 
stent which does not result in significant thrombosis at the 
point of implant. 

Yet another object of the present invention is to provide a 
stent which can be selectively sized in accordance with the 
anatomic configuration dictated by the lesion itself. 

A still further object of the present invention is to provide 
a method for supplying au endovascular support device 
which pennits a plurality of such devices to be implanted 
commensurate with the length of the lesion under treatment. 

These and other objects of the present invention can be 
better appreciated from the following detailed description of 
the invention, taken in conjunction with the attached draw- 
ings. 
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4 
FIGURES 

FIG. 1 shows a perspective view of an endovascular 
support device constructed according to the present 
invention, in its expanded form. 

FIG. 2 shows a support device constructed according to 
the present invention and compressed onto a balloon cath- 
eter. 

FIG.3 shows a support device compressed onto a balloon 
catheter as shown in FIG. 2, and positioned within a sec- 
tioned portion of an affected area of a artery or other vessel. 

FIG. 4 shows a support device according to the present 
invention in its expanded form within a sectioned portion of 
a vessel including a lesion. 

FIG. 5 shows a support device of the present invention iu 
its expanded form within a sectioned portion of a lesion after 
removal of the balloon catheter. 

FIGS. 6n-b show alternative configurations of a support 
device according to the present invention. 

DETAILED DESCRIITION OF THE 
INVENTION 

Referring first to FIG. 1, an endovascular support device 
10, referred to hereinafter more conveniently as a stem, 
constructed in accordance with the present invention can be 
seen in perspective view. The stent 10 of FIG. 1 is shown in 
its expanded form. prior to compression over a suitable 
delivery system as discusse d in detail hereinafter. 

In a preferred embodiment, the stem 10 comprises a single 
piece of material, bent to form a plurality of upper axial turns 
I2 and lower axial turns 14. In the embodiment shown in 
FIG. 1, four upper turns I2 are connected to the four lower 
turns 14 by substantially straight segments 16. The axial 
turns 12 and 14 can be seen to permit the stent 10 to be 
compressed or expanded over a wide range while stilI 
maintaining significant mechanical force, such as required to 
prevent a vessel from restenosing. While a preferred 
embodiment comprises a single piece of material, in some 
instances a suitably welded wire may be acceptable. 

It will be appreciated that the number of turns 12 and 14 
can vary over a reasonably wide range and may in fact vary 
between two and ten such turns or peaks. However, it is 
currently believed that the optimum number of turns or 
peaks will range between three and five for most 
applications, and particularly for cardiovasctdar applica- 
tions. 

The stent 10 is preferably constructed of implantable 
materials having good mechanical strength. An embodiment 
which has proven successful in preliminary testing is 
machined from 316ISS implantable quality stainless steel 
bar stock. The bar stock is machined to form substantially a 
toroid, which is then acid etched in phosphoric and sulfuric 
acid at approximately 180” to 185’ to break the edges. The 
etched toroid is then plated with copper to avoid galling and 
to provide lubricity. 

The copper plated toroid is then bent to the shape of the 
stent 10 shown in FIG. 1, after which the copper plating is 
stripped from the stent. The stem is then returned to the acid 
bath to reduce the wire size to the desired diameter, which 
is in the range of 0.002” to 0.025”. It is presently believed 
that the optimum wire size for the final product is in the 
range of 0.008” to 0.009“. It will be appreciated that the 
strength of the stent-that is, its ability to prevent 
restenosis-is inversely proportional to the number of peaks 
or turns in the stent, so that stems having a greater number 
of turns will typically be formed of larger &re diameters. 
Finally, although not required in all cases, the outside of the 
stem may be selectively plated with platinum to provide 
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improved visibility during fluoroscopy. The cross-sectional 
shape of the finished stem may be circular, ellipsoidal, 
rectangular, hexagonal, square, or other polygon, although at 
present it is believed that circular or ellipsoidal may be 
preferable. 

The minimum length of tbe stem, or the distance between 
the upper turns 12 and lower turns 14, is determined in large 
measure by the size of the vessel into which the stem will be 

as the tendency toward restenosis is not greater than the 
mechanical strength of the stent 10. Because of the low mass 
of the support device 10 of the present invention, thrombosis 
is less likely to occur. Ideally, the displacement of the plaque 
deposits and the implantation of the stent 10 will result in a 
smooth inside diameter of the vessel 104, although this ideal 
cannot be achieved in all cases. 

implanted: The stem 10 will preferably be of suflIcient 
length as to maintain its axial orientation within the vessel 

One of the advantages of the stent 10 is that multiple 
stems may be used in the treatment of a single lesion. Thus, 

without shifting under the hydraulics of blood flow (or other 
fluid flow in different types of vessels), while also being long 
enough to extend across at least a significant portion of the 
affected area. At the same time, the stern should be short 
enough as to not introduce unnecessarily large amounts of 
material as might cause undue thrombosis. Typical cardio- 
vascular vessels into which the stent 10 might be implanted 
range from 1.5 millimeters to five millimeters in diameter, 
and corresponding stems may range from one milhmeter to 
two centimeters in length. However, in most instances the 
stent will range in length between 3.5 millimeters and 6 
millimeters. Preliminary testing of stems having a length 
between 3.5 millimeters and 4.5 millimeters has been per- 
formed with good success outside the United States, and 
testing on animals is also ongoing. 

for examile, in the event the affected area&own in FlGS. 
3 and 4 was longer than the stent 10. additional stems 10 
could be positioned elsewhere along the lesion to prevent 
restenosis. In preliminary testing, up to four stems have been 
used successfulIy along a single lesion. Due to the conform- 
ability of the stem 10, not only can varying lesion lengths be 
treated, but curved vessels and “S” shaped vessels may also 
he treated by the present invention. In instances where it is 
known in advance that multiple stems will be the preferred 
method of treatment, a plurality of such stems may be 
positioned along a single balloon catheter for simultaneous 
delivery to the affected area. 

As discussed above, the number of peaks or turns 12 and 

Once the wire size of tbe stent 10 has been reduced to the 
- desired size, the stent 10 may be crimped onto a balloon 100, 

as shown in FIG. 2. for delivery to the affected region 102 

14in tbe stent 10 may vary between twb and ten. To this end, 
shown in FIGS. 6a and 6b are two alternative configurations 
of the stem 10. The alternative embodiment shown in 60 can 
be seen to have three upper and three lower peaks or turns, 
while the embodiment shown in FIG. 6b can be seen to have 

of a vessel 104 such as a coronary artery. For t&sake of 
simolicitv. the multinle lavers of the vessel wall 104 are 

ten upper and ten lower peaks. 

shown &‘a single layer, ahhouglt it wiIl be understood by 
those skilled in the art that the lesion typically is a plaque 
deposit within the intima of the vessel 104. 

While the primary application for the stent 10 is presently 
believed to be treatment of cardiovascular disease such as 
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One suitable balloon for delivery of the stent 10 is 
manufactured by Advanced Cardiovascular Systems, Inc., of 
Santa Clara, &if. (“ACS”), and is eight ~millimeters in 
lenetb with Microelide on the shaft onlv. The stem-carrving 
ba&on l&O is the; advancedto the affected area and a&& 
the lesion IQ2 in a conventional manner, such as by use of 
a guide wire and a guide catheter (not shown). A suitable 

atherosclerosis or other forms of coronary narrowing, the 
stent 10 of the present invention may also be used for 
treatment of narrowed vessels in the kidney, leg, carotid, or 
elsewhere in the body. In such other vessels, the size of the 
stent may need to be adjusted to compensate for the differing 
sixes of the vessel to be treated, bearing in mind the sizing 
guidelioes provided above. 

gu?de wire is the O.Oi4” Hi Torque l?oppy manufactured by 
ACS. and a suitable mtidine catheter is the ET.076 lumen 
guide catheter, also &nufa&red by ACS. 

Once the balloon 100 is in place across the lesion 102, as 
shown in PIG. 3, the balloon 100 may be inflated, again 
substantially in a conventiona manner. In selecting a 
balloon, it is helnful to ensure that the balloon will provide 

Having fully described a preferred embodiment of the 
invention, those skilled in the art will immediately 
appreciate, given the teachings herein, that numerous alter- 
natives and equivalents exist which do not depart from the 
present invention It is therefore to be understood that the 
present invention is not to lx- limited by the foregoing 
description, but only by the appended claims. 

I claim 

radially uniform inflation so that the stent 10 will -expand 
equally along each of the peaks. The inflation of the balloon 
100, shown in FIG. 4, causes the expansion of the stent 10 
from its crimped configuration back io a shape substantially 
like that shown in FIG. 1. Tbe amount of inflation, and 
commensurate amount of expansion of the stem 10, may be 
varied as dictated by the lesion itself, making the stent of the 
present invention particularly flexible in the treatment of 
chronic restenosis. 

1. An endovascnlar support device for implantation in a 
vessel within the human body comprising: 

a plurality of stent members; 
each stent member formed of a plurality of substantially 

straight segments having ends; 
the ends of respective pairs of the plurality of substan- 

tially straight segments connected end to end at a 
plurality of axial turns; and 

Because of the inflation of the balloon, the lesion 102 in 
the vessel 104 is expanded, and causes the arterial walI of the 
vessel 1M to bulge radially, as simplistically depicted in 
FIG. 4. At the same time, the plaque deposited within the 
intima of the vessel is displaced and thinned, and the stem 
10 is embedded in the plaque or other fibrotic material 
adhering to the intima of the vessel 104. 

whereby each of the plurality of stent members are 
capable of retaining a compressed configuration while 
mounted onto an outer surface of a catheter for delivery 
to an affected area of a vessel until application of a 
radial force to form an expanded configuration. 

2. The endovascular support device according to claim 1 
wherein the plurality of stent members are adjacent and 
non-overlapping. 

Following inflation of the balloon I00 and expansion of 
the stent 10 within the vessel 104, the balloon is deflated and 
removed. The exterior wall of the vessel 104 returns to its 
original shape through elastic recoil. The stent 10. however, 
remains in its expanded form within the vessel, and prevents 
further restenosis of the vessel. The stem maintains an open 
passageway through the vessel, as shown in FIG. 4, so long 

3. The endovascular support device according to claim 1 
wherein the plurality of stent members are not connected to 
one another. 

4. The endovascular support device according to claim 1 
wherein each stent member is continuous. 
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